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[57] ABSTRACT

Evaluation for detormations of the channel box of a fuel
assembly in a nuclear reactor core in which deforma-
tions of the channel box which has been used for expo-
sure so as to be deformed are estimated for future expo-
sure through computation and process of data of core
characteristics, data of material properties and shapes of
channel boxes, data of initial deformations of the chan-
nel box, data of loading patterns and the like, thereby to
judge whether the estimated deformations are agreeable

for reusing the channel box in the future exposure, or
not.
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METHOD OF AND APPARATUS FOR
EVALUATING DEFORMATION OF CHANNEL
BOX OF FUEL ASSEMBLY FOR USE IN NUCLEAR
REACTOR

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates generally to a method
of evaluating deformations of channel boxes of fuel
assemblies for use in nuclear reactors and, more particu-
larly, to a method of evaluating deformations of the
channel boxes in a single exposure cycle period of a
nuclear reactor. The present invention also relates to an
apparatus for evaluating deformations of channel boxes
of fuel assemblies for use in nuclear reactors.

2. DESCRIPTION OF THE RELATED ART

In general, fuel assemblies for use in BWR’s (boiling-
water type light water reactors) have a structure in
which a fuel bundle including sixty-two fuel rods and
two water rods is accommodated in a channel box made
of zircalloy-4, the fuel rods and the water rods being
arrayed in an 8 X8 grid-like configuration and being
retained by means of upper and lower tie-plates and
Spacers.

A multiplicity of fuel assemblies which are con-
structed in the above-described manner are arrayed as
shown in FIG. 19 in a nuclear core. The number of fuel
assemblies in the core is on the order of 400 to 764,
although 1t depends upon the required power of each
nuclear reactor.

In the core, the fuel assemblies are combined in
groups each consisting of four fuel assemblies, and a
cross-shape control rod is inserted into a cross-shaped
gap which is formed by the adjacent corner portions of
the four fuel assemblies in the middle of each group.
Each fuel assembly in the core is provided with an
identification number and core-array position coordi-
nates (1, j) for identification purposes.

10

15

20
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direction of the core, and becomes the largest at a posi-
tion about 3 higher than the lower end of the fuel assem-

bly. Moreover, the bulge of the channel box depends on

the loading position thereof in a core, and the bulge
increases toward the middle of the core and it is the
smallest at the outermost circumferential portion of the
core.

The crystal grains in zircalloy which 1s a typical ma-
terial for channel boxes, are oriented in a certain direc-
tion during production. Accordingly, in an exposure
environment, zircalloy is deformed in a particular direc-
tion even in the absence of external stress. This phenom-
enon 1s referred to as irradiation growth, which forms a
cause of axial bending of the entire channel box.

The amount of irradiation growth of zircalloy greatly
depends on differences in material properties and expo-
sure conditions, particularly fast neutron flux. If a great
difference occurs in the fast neutron flux between op-
posing side surfaces of a channel box, a difference in the
amount of irradiation growth occurs between these side

- surfaces. As a result of the difference in the amount of

irradiation growth, a channel box may be deformed in

~ the middle portion thereof as shown in FIG. 23b since

23
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Deformations of the channel boxes of the aforesaid 40

fuel assemblies in an exposure cycle period of the nu-
clear reactor are explained with reference to Figs. 23a
and 23b.

FIGS. 23a and 23b are views which serve to illustrate
the status of deformation of a particular channel box
which has been used for exposure in a core. FIG. 24 is
a cross-sectional view showing a single cell unit consist-
ing of four fuel-assembly channel boxes and a cross-
shaped control rod.

When BWR fuel assemblies are loaded in a reactor, a
small amount of reactor coolant flows not only in a
primary flow passage in each channel box but in gaps
between the fuel assemblies, and a differential pressure
AP occurs between the inside and the outside of the
channel box. The channel box is deformed by cree due
to this differential pressure AP and reactor-water tem-
peratures (280-300° C.) and buiges in the radial direc-
tion as shown in FIG. 23a4. The amount of bulge also
depends on fast neutron flux ¢ since the rate of creep of

zircalloy under exposure conditions is accelerated com- 60

pared to the rate of creep under non-exposure condi-
tions. The differential pressure AP between the inside
and the outside of the channel box which forms a pri-
mary cause of the bulge reaches the maximum at the
lower end of the fuel assembly, while the fast neutron
flux ¢ reaches the maximum in the middle of the core in
the axial direction thereof. Accordingly, the distribu-
tion of the bulge of the channel box appears in the axial

43
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the upper and lower ends of the channel box 1s sup-
ported on a fuel assembly. Bowing of each channel box
depends on the loading position thereof in the core. In
the middle portion of the core, the degree of bowing is
small since the gradient of the fast neutron flux is small.
However, in the outer peripheral region of the core,
since fast neutron flux of a large gradient appears be-
tween opposing side surfaces of a channel box, the de-
gree of bowing becomes large.

If the loading period of the channel box in the reactor
is increased, the aforesaid bulge and bow also increase.
As a result, it is likely that the gap between the channel
box and an associated control rod decreases and a con-
trol rod becomes unable to be inserted in the gap be-
tween channel boxes in each group.

The gap between each channel box and an associated
control rod averages about 3 mm. The amount of defor-
mation induced by exposure greatly depends on the
loading position in the core.

Accordingly, in order to increase the loading period
of channel boxes over the entire region of the core, it is
necessary to examine that no interference has occurred
between the channel boxes and associated control rods
by estimating deformations of the individual channel
boxes at the respective positions in the core.

Conventionally, estimated deformations of channel
boxes during the loading period thereof in a reactor
have been obtained by using empirical formulae which
are based on data obtained by measurement in an actu-
ally operating reactor. However, since such empirical
formulae are based on data obtained in the existing
exposure range, if the loading period of the channel
boxes in the reactor is made long, the degree of expo-
sure of the channel boxes greatly exceeds the degree of
exposure to which the conventional empirical formulae
are applicable. Accordingly, the estimated deforma-
tions of the channel boxes which have been obtained
simply by extrapolating the conventional empirical
formulae are excessively rough, and it is therefore nec-
essary to make large a design margin and a safety mar-
gin in the method of using the channel box.

Conventional channel boxes are disassembled and
disposed of in a nuclear reactor site, commonly after
they have been used over three or four cycles. How-
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ever, the production cost of channel boxes i1s the next
highest to that of fuel rods of all the constituent ele-
ments of fuel assemblies and, in addition, disposal of the
channel boxes incurs significant costs and expenses.

Moreover, as waste channel boxes are accumulated, the

problem that an even wider space for safety storing the
waste channel boxes must be attained will be encoun-
tered.

Japanese Pat. application No. 56-59807 proposes an
arrangement in which the service life of a channel 1s
extended by altering the wall thickness of the channel
boX.

However, such alternation in the wall thickness of the
channel box involves the problem of design change of
channel boxes, with the result that the economical effi-
ciency and the usability of channel boxes are impaired.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide an evaluating method in which, when a channel
box of a fuel assembly, which has been used over three

10

15

20

or four exposure cycles, is to be reused, deformation of |

the channel box at predetermined core-array position

coordinates (I, J) in a nuclear reactor core during the

next exposure cycle is estimated to judge whether or
not the deformation is agreeable.

It is another object of the present invention to pro-
vide an evaluating method including the steps of alter-
ing core-array position coordinates ((I, J), estimating
deformation of the channel box at the core-array posi-
tion coordinates, and again judging whether or not the
deformation is agreeable, these steps being executed if it
is judged by the above-described evaluating method
that the deformation of the channel box is not agreeable.

It is yet another object of the present invention to
provide an apparatus for carrying out the aforesaid
evaluating methods.

To achieve the above objects, a method of evaluating
deformations of channel boxes in accordance with the
present invention comprises the steps of finding initial
deformations of a particular channel box to be reused,
specifying core-array position coordinates at which the
aforesaid channel box is adapted to be located; calculat-
ing deformation of the channel box at the core-array
position coordinates from data of core characteristics,

data of shapes and matenal properties of channel boxes,

data of loading patterns, and the aforesaid initial defor-
mation; and judging whether the thus-calculated defor-
mation is agreeable.

With the above-described construction and arrange-
ment according to the present invention, deformation in
the next exposure cycle of a channel box of a fuel assem-
bly, which has been used throughout three or four expo-
sure cycles, can be evaluated, whereby the possibility of
reuse of the channel box can be judged. Accordingly, it
is possible to efficiently use channel boxes, and econom-

ical management of a nuclear reactor core can be real-
ized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic view diagrammatically showing
the construction of an apparatus for evaluating defor-
mations of channel boxes in accordance with the pres-
ent invention; |

FIG. 2 is a table showing the contents of data stored
in the core-data memory device shown in FIG. 1;

FIG. 3 is a table showing the contents of data stored
in the measured-data memory device shown in FIG. 1;
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FIG. 4 is a table showing the contents of data stored
in the set-loading-pattern memory device shown in
FIG. 1; *

FIG. § is a table showing the contents of data stored
in the material-property-and-shape-data memory device
shown in FIG. 1;

FIG. 6 is a flow chart showing a procedure carried
out by using the aforesaid deformation evaluating appa-
ratus;

FI1G. 7 is a block diagram showing the flow of opera-
tions in the deformation evaluating apparatus of FIG. 1;

FIGS. 8 to 11 are flow charts which show the opera-
tions in the respective subroutines shown in FIG. 6;

F1G. 12 is a view showing a display example of data
of the material properties and shapes of a channel box;

FIG. 13 is a view showing a display example of data
of the measured deformations of a channel box;

FIG. 14 is a view showing a display example of defor-
mations of a channel box;

FIG. 15 is a view showing a display example in which
the deformations of FIG. 14 are displayed by using
figures;

FIG. 16 is a view showing a display example of defor-
mations of respective channel boxes in a region corre-
sponding to % of the entire core region;

FIG. 17 is a view showing a display example in which
the deformations of FIG. 16 are displayed by using
figures;

FIG. 18 1s a view showing a display example in which
the positions of channel boxes which have caused inter-
ference in the entire region of the core are displayed;

FI1G. 19 is a view showing a display example in which
the data of FIG. 18 1s displayed by using a figure;

FIG. 20 is a view showing a display example of a
guidance used for resetting loading patterns;

FIG. 21 1s a view showing a set of examples of rules
used in resetting loading patterns;

FI1G. 22 is a view showing a display example in which
the rules of FIG. 21 are displayed by using a figure;

FIG. 23a is a cross-sectional view of a deformed

| channel box; |

FIG. 23b is a longitudinal sectional view of the de-
formed channel box;
FIG. 24 is a cross-sectional view showing the rela-

tionship between the channel boxes and the control rod

in one unit assembly within a core;

FIGS. 25a and 28b are cross-sectional views showing
an interference example between deformed channel
boxes and an associated control rod; and

FIG. 26 is a flow chart showing another embodiment
of the present mvention. |

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of a method of and an apparatus for
evaluating deformations of channel boxes in accordance
with the present invention will be explained below with
reference to the accompanying drawings.

As shown in FIG. 1, the present apparatus includes a
display device 1 and a computing and processing device
2. The computing and processing device 2 consists of a
computing section 2a, a procedure storing section 2, an
intermediate-data storing section 2¢, an image-data out-
putting section 2d and an input section 2e. Data created
by the computing and processing device 2 is displayed
on a display screen of an image output device 4 in the
form of a picture, characters and the like. An input
device 1s denoted by 3.
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The illustrated apparatus also includes memory de-
vices 5, 6, 7 and 8. The memory devices §, 6, 7 and 8
respectively store therein data of core characteristics,
data of measured deformations of channel boxes, data of
material properties and shapes, and data of set loading >
patterns.

FIGS. 2 to 5§ are tables showing the contents of the
data stored in the respective memory devices §, 6, 7 and
8. The data of core characteristics, shown 1n FIG. 2,
includes core names, core types, the three-dimensional 10
distribution of fast neutron flux and so on. The data of
measured deformations of a channel box, shown in FIG.
3, includes the name of each fuel-assembly label, the
degree of exposure of each fuel assembly, and the mea-
sured values of bulge and bow. The data of set loading
patterns, shown in FIG. 4, includes a map of fuel-assem-
bly labels, a map of channel-box labels and so on for
each cyclc The data of material properties and shapes,
shown i1n FIG. §, includes the Poisson’s ratio, the ﬂcx-
ural rigidity, the Young’s modulus and the like of a 2
channel-box material.

FIG. 6 shows a procedure employing a method of
and an apparatus for evaluating deformations of channel
boxes in accordance with this embodiment o the basis of
the above-described data. FIG. 7 is a block dmgram
which functionally represents this procedure. FIGS. 8
to 11 show in detail the procedures of individual por-
tions of the procedure shown in FIG. 6. The procedure
for evaluating deformations of channel boxes in accor-
dance with this embodiment will be explained in se-
quence.

Referring to FIG. 1, the process first proceeds to Step
21, in which the data of core characteristics, shown in
FIG. 2, is inputted through the input device 3 and 4
stored in the memory device 5. Likewise, the data of
measured deformations of a channel box, shown 1n FIG.
3, is stored in the memory device 6. The data of material
properties and shapes, shown in FIG. 4, is stored in the
memory device 7, and the data of a set loading pattern,
shown in FIG. §, is stored in the memory device 8. FIG.
12 shows an example of a display provided when the
data of material properties and shapes, stored in the
memory device 7, is outputted to the image output
device 4. FIG. 13 shows an example of a display on the
image output device 4. In this display example, a result
is plotted which is obtained by axially measuring creep
deformation and exposure bow which occurs in a par-
ticular channel box after the third exposure cycle, and
the particular channel box is shown as being identified
with a channel number 413 and core-array position
coordinates (4, 11) from among all the seven hundred
and sixty-four channel boxes disposed in a core.

The process of outputting the above-described data
to the image output device 4 is executed in accordance
with an output command which is inputted through a
keyboard (not shown) provided on the input device 1.

Then, in Step 23, setting of the exposure cycle and the
loading pattern for a channel box whose deformation is
to be estimated is carried out. In Step 24, the process
jumps to the subroutine shown in FIG. 8. In this subrou-
tine, the estimated deformation of the channel box
whose conditions were set in Step 23 is calculated for
each axial position as well as for each radial position by
employing the measured-deformation data and an ana- 65
lytic model in the computing section 2a. The results of
these calculations are stored in the intermediate-data
memory section 2¢. The procedure for performing these
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6
calculations is explained in detail below with reference
to FIG. 8.

First of all, the distribution of the fast neutron flux in
the core is read from the data of core characteristics
stored in the memory device 5. Moreover, the map of
fuel-assembly labels and the map of channel-box labels
are read from the set loading pattern stored in the mem-
ory device 8 so that the computing and processing de-
vice 2 is made to recognize the correspondence be-
tween fuel assemblies as or channel boxes and respec-
tive loading positions in the core. On the basis of the
data thus read, calculations on fast neutron flux ¢ are
performed (Step 24A). The result of a core-characteris-
tic calculation program is employed as the fast neutron
flux ¢. However, since the fast neutron flux ¢ corre-
sponding to the midpoint of each fuel assembly in the
core is already given, the fast neutron flux ¢ at each side
surface of the channel box, in which the fuel assembly 1s
loaded, is obtained by interpolating the fast neutron flux
0 ¢ between adjacent fuel assemblies. Fast-neutron flu-
ence FU is calculated with the following equation (Step
24B):

FU=ét (9)
5 where ¢ : fast neutron flux, and

t : exposure time.

Then, regarding a channel box which has been actu-
ally loaded in the nuclear reactor and extracted there-

from after exposure for the purpose of measuring its
deformation, the measured value of the deformation is

read from the memory device 6 (Step 24C) and the read
value is used as an initial value. With respect to a chan-
nel box whose measured value is not available, an esti-
mated value obtained by calculations is employed.
Moreover, the data of material properties and shapes is
read from the memory device 7.

In addition, the amount of bulge and the amount of
bow are caiculated in Steps 24D and 24E, respectively.
Thereafter, the total sum of these deformations is ob-
tained (Step 24F). These calculations are performed for
each of the channel boxes of all the fuel assemblies
loaded in the core (Step 24G). Moreover, the above
calculations are performed for all the loaded fuel assem-
blies in each cycle having a set cycle period, for exam-
ple, in each of the first to fifth cycles (Step 24H).

The total deformation D(z) of the channel boxes
calculated in the flow chart of FIG. 8 is given by the
following equation:

D{(z)=80+0+ A8+ X(z)

o0 : inmitial deformation,

d : elastic deformation,

Ad : increment of bulge, and

X(z) : displacement due to bowing.

The analysis method is explained in detail below.

The deformation.of a channel box is represented by
the sum of bulge and bow. The bulge at an axial position
zZ 1S represented by the sum of the elastic deformation 6
and the increment 8A of the bulge for a time interval
A’'t. These amounts 6 and Ad are obtained from the
following equations:

4 2 2 (1)
2P L X 1 X 1
o ='§E’(T) (r +?) (7: "2_)
AS=ReAt )
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where

P : load resulting from differential pressure,

L : width of the channel box, and

R : radius of curvature of the bow (mm).
Flexural rigidity D and the creep rate € of a zircalloy
are obtained from the following equations:

_EdP (3)
T 12(1 - vd)
€ = ﬂsg—-‘f—ﬁﬂ; a— 5000/ T$0.65 (3)

where

E : Young’s modulus,

v : Poisson’s ratio,

d : thickness of the channel box,

T : temperature of the channel box (K),

¢ : fast neutron flux (1/mms) (En> 1Mev), and

o : tensile stress.

The fast neutron flux ¢ in equation (4) is the one
obtained by the calculations performed in Step 24A of
the procedure shown in FIG. 8. |

As described previously bowing results from the
irradiation growth of the zircalloy. If a bending moment
which is apphed to a channel box due to the irradiation
growth in the axial direction z of the same is repre-
sented by Mx in the x direction, displacement X(z) due
to bowing in the x direction at a position z in the axial
direction is obtained from the following equation based
on the beam theory:

X )

Elx = Mx
dz?

where Ix : second moment of area with respect to the X
axis

The bowing moment Mx and irradiation growth
strain €j (AH/H) are obtained from the following equa-
tions, respectively:
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M (6)
Mx=E-H- 3 (AS;-¢-x)
j=
7 45
e

- where

AS;: area of a finely divided region of the

channel box,

H : height of the channel box,

A : constant (=1.435x 10—13),

t : exposure time (S), and

FU; : fast-neutron fluence.

The fast-neutron exposure FU; in equation (7) is the

one obtained by the calculations performed in Step 24B.

By solving equation (5) by employing equations (6)
and (7), the displacement X(z) due to bowing is ob-
tained. The total displacement D(z) of the channel box
which is the sum of bow and bulge is obtained from the

following equation:
D(z)=80+5+A8+X(z) (8)

A load P which is derived from a differential the fast-
neutron flux ¢ and a temperature T 1is obtained by nu-
clear calculations and hydrothermal calculations, and is

stored as data of core nuclear properties. The width L,
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the height H and the thickness d of the channel box as
well as the Young’s modulus E and the Poisson’s ratio
T™ of the zircalloy are stored as data of matenal prop-
erties. As data of the measured value of initial deforma-
tion of the channel box, 80 in equation (8) is stored.

The results of the above calculations on bulge, bow
and deformation are transferred to and stored in the
intermediate-data storing section 2c¢.

Then, on the basis of the resuits of the calculations on
the deformation of the channel box, stored in the inter-

mediate-data storing section 2¢, the computing and

processing section 2a uses the subroutine of FIG. 9 to
determine whether or not interference has occurred
between the channel box 9 and the control rod 12 (here-
inafter referred to simply as “interference judgment” as
required), the channel box 9 being a channel box in
which set assemblies are loaded (step 25 in FIG. 6).

In the flow chart of FIG. 9, the data obtained from

the intermediate-data stoning section 2¢ in Step 24 of

FIG. 6 that is, the results of the calculations performed

on the deformation of the channel boxes of all the
loaded fuel assemblies during the set cycle peniod are
read out (Step 25A). Then, channel boxes which are to
be subjected to the above interference judgment are
selected in a predetermined sequence. This sequence is
stored in memory (Step 25B). With respect to all the
fuel assemblies loaded in the core, whether or not the
control rods interfere with the associated channel boxes
is determined (Step 25C).

The above interference judgment is made as to each
of the four blades of each cross-shaped control rod in
units of cells each consisting of four assembly channel
boxes as shown in FIG. 24. FIG. 24 is a cross-sectional
view showing the arrangement of the cross-shaped
control rod and channel boxes each of which accommo-
dates a fuel assembly. As shown in the figure, each cell
unit includes the four channel boxes 9, the control rod
12, control-rod rollers 13, and fuel channel boxes A, B,
C and D. If the four fuel assemblies in the cell are repre-
sented by A, B, C and D, respectively, and if the inner
side surfaces of each of the channel boxes are respec-
tively called a side 1, a side 2, a side 3 and a side 4 in the
clockwise direction as viewed in FIG. 24 with the side

1 corresponding to the upper side surface as viewed in

this figure, judgment is made as to the interferences
between a side A-3 and a side B-1, between a side B-4
and a side C-2, between a side C-1 and a side D-3, be-
tween a side C-1 and a side D-3, and between a side D-2
and a side A-4. The interference judgment is made as to
each of the areas of the channel box which have been
divided in the axial direction thereof.

For example, the state shown in FIG. 254g is not re-
garded as interference, but the state shown in FIG. 28)
18 regarded as interference.

Referring back to FI1G. 9, selection of a channel box
which 1s to be subjected to interference judgment and
interference judgment as to the channel box are auto-
matically performed in the computing and processing
section 2a (Step 25D).

The above interference judgment is made as to each
of the fuel assemblies loaded in the core for all the speci-
fied operating cycles (Step 25C). The obtained results of
the interference judgement are transferred to and stored
in the intermediate-data storing section 2¢ (Step 25F).

Then, these results of the interference judgment and
the results of the associated calculation are displayed in
the form of a table or a figure (Step 26 in FIG. 6). FIG.
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11 shows in detail the procedure of a displaying portion
of the flow chart shown in FIG. 6. In this portion, the
results of the interference judgment and the results of
the associated calculation are read from the intermedi-
ate-data storing section 2¢. Subsequently, an operator
specifies a display region through the input device 1 in
order to determine a position in the core which corre-
sponds to the result to be displayed. When the resuits of
the calculation and the judgment are to be displayed, a
particular region in the core can be specified from
among the following three regions: 1) a region corre-
sponding to all the channel boxes in the core; 2) a region
corresponding to the channel boxes positioned in a
specified partial region in the core (3 core or } core);
and 3) a region corresponding to an arbitrary single
channel box.

Moreover, after a particular display region has been
determined, the operator likewise selects and specifies a
desired display method through the input device 1. It 1s
possible to select the display method between two kinds
of methods: one method utilizes a table, while the other
method utilizes a figure. On the basis of information
representing these specifications, the computing section
2a creates image data, and this image data is output
through the image-data output section dd to the image
output device 4 for display purposes.

FIG. 14 shows a display example in which the result
of judgment is outputted in a table form. FIG. 14 illus-
trates a display of axial deformations of a particular
channel box after the third cycle of exposure has been
completed, this channel box being identified with a
channel number 413 and core position coordinates (11,
9). In the display output shown in FIG. 14, the status of
deformation of one arbitrarily set channel box, and the
results of interference judgment as to the same are col-
lectively outputted in a table form. FIG. 18 shows a
display example in which the same information is output
in the form of a figure. In the display output shown in
FIG. 15, the status of deformation of the arbitrary set
channel box, namely, bend and bulge are displayed on
corresponding figures each of which simulates the
channel box.

FIG. 16 shows a display example of the deformations
of a plurality of channel boxes after the seventh cycle
has been completed, the channel boxes being located at

different positions in a partial region which corresponds

to 1 of the overall region in a core A. In the display
output shown in FIG. 16, the statuses of deformations of
the respective channel boxes in the partial region which
has been set in the core A, loading positions in the core
A and the number of exposure cycles are collectively
outputted in a table form. FIG. 17 shows a display ex-
ample in which the same information is outputted in the
form of a figure. In the display output shown in FIG.
17, the statuses of deformations of the channel boxes in
the partial region (} core) which has been set in the core
A are represented in different colors each indicating a
different degree of maximum deformation, and the thus-
colored statuses are displayed on a figure which simu-
lates the partial region in the core A. FIG. 18 shows
another display example in which the result of judg-
ment is output in a table form. FIG. 18 i1s a display
example which shows data of particular channel boxes,
located at five positions at which interference has oc-
curred, from among all the channel boxes in the core A
which have passed the sixth cycle. In the display output
shown in FIG. 18, the statuses of deformations of the
channel boxes which have interfered with associated
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control rods from among all the channel boxes in the
core A, the loading positions of the channel boxes In
question and the number of exposure cycles are collec-
tively outputted in a table form. FIG. 19 shows a dis-
play example in which the same information is output-
ted in the form of a figure. In the display output shown
in FIG. 19, the positions of the channel boxes which
have interfered with associated control rods from
among all the channel boxes in the core A are dispiayed
on a figure which simulates the entire region of the core
A. |
In the entire procedure, if no interference occurs
between any channel box and the associated control rod
in the set core region and during the set cycle penod as
shown in FIG. 6, the process is completed. On the other
hand, if interference occurs between a particular chan-
nel box and the associated control rod, the core loading
position at which it is estimated that the channel box 1n
question does not interfere with the associated control
rod, a shuffling pattern and a loading direction are reset
(Step 28 in FIG. 6). o

FIG. 10 shows a subroutine for this resetting. First of
all, the results of interference judgment obtained in Step
25 of FIG. 6 are read from the intermediate-data storing
section 2¢ (Step 28A). A loading pattern according to
which the fuel-assembly channel boxes which have
caused interference are to be moved is reset (Step 28B).
Several resetting methods are prepared so that the oper-
ator can select a desired method on a display screen.
For example, information such as that shown in FIG. 21
is displayed on the screen of the display device 4. The
operator selects the required rule while viewing the
display screen. The selected rule 1s inputted to the com-
puting section 2a through the input device 3.

Typical examples of the rules are as follows: (1) a rule
that channel boxes which have caused interference are
moved to the positions of interchangeable assemblies
which have been used for exposure in the same expo-
sure cycle; (2) a rule that two side surfaces which op-
pose an associated control rod are not altered in position
in each cell; (3) a rule that a channel box in question is
moved to a position in the core and a position in a cell
so that a side surface, which bow in a protrusive manner
from the first cycle through an (n—1)th cycle which
preceded an n*acycle in which interference occurred, is
made to face outwardly of the core in the n* cycle; and
(4) a rule that a channel box in question is moved to the
position in a cell at which the direction of bowing oc-
curring during the exposure time of the n* cycle is a
direction away from an associated control rod.

Then, a channel box which satisfies the rule selected
by the operator is automatically selected from among
all the channel boxes by the computing and processing
section 2a (Step 28C). At this time, a plurality of inter-
changeable channel boxes which can satisfy the selected
rule are present and a single channel box is therefore
selected from among them. In this selection, the com-
puting and processing section 2a may automatically
select the required rule, or the operator may select the
desired rule while viewing a guidance displayed on the
display screen. |

In the case of automatic selection by the computing
and processing section 2g, a channel box whose defor-
mation occurring from the first cycle through the
(n—1)th cycle is at a minimum is selected from among
the channel boxes which satisfy a specified rule.

In the case of manual selection by an operator, the
display device 1s caused to display a guidance which
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informs the operator of the positions in the core at
which channel boxes, which satisfy the specified rules,
are loaded, and the operator selects the desired channel
box on the basis of the guidance.

In one typical guidance method, on the basis of set.

rules, a target core position which conforms to each of
the rules and core positions which satisfy all the rules
are displayed. FIG. 20 shows a display example of the
guidance. FIG. 20 1s a display exampie obtained by
specifying the core A and a } core region, and shows
the position of a channel box which caused interference
after the third cycle as well as interchangeable posi-
tions. In this embodiment, on the basis of these gud-
ances, the operator selects another channel box to be
substituted for a channel box which has caused interfer-
ence, so as to realize an optimum loading pattern. Data
of the thus-selected channel box is inputted through the
input device 3 to the computing and processing section
2a. Thereafter, the channel box selected in Step 28C is
substituted for the channel box which has caused inter-
ference (Step 28D). Thus, the selected channel box
which has been loaded in the position of the channel
box which made interference is loaded 1n the position of
the channel box which suffered interference.

The above operations are repeated for all the channel
boxes which have caused interference (Step 28E).
When the positions to which all the channel boxes that
have made interference are to be moved are found, the
result of this resetting is transferred to and stored in the
intermediate-data storing section 2¢ (Step 28F).

The loading pattern obtained by such resetting is
displayed on the display screen and, at the same time, is
stored in the intermediate-data storing device 2¢. FIG.

22 shows an example of the display. F1G. 22 shows a

display exampie in which channel boxes in the core A
have been reset in accordance with certain rules. When
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the processing in Step 28 of FIG. 6 is completed, Steps

24, 28 and 28 in FIG. 6ar¢repeatedonthebasmofa
method of using the reset channel boxes, thereby maxi-
mizing the number of channel boxes which do not inter-
fere with associated control rods throughout a set expo-
sure period.

If 1t is judged here that no matter how the loading
position of the channel box which has been used for
exposure is set in the reactor, interference with an asso-
ciated control rod will occur during an exposure period,
a display which indicates that the channel box cannot be
used is provided on the display screen and, in addition,
detailed information such as the shuffling pattern, the
loading direction and the operating hysteresis of the
channel box in question is displayed on the display
screen.

As described above, in the above-described embodi-
ment, in the step of resetting a loading pattern on the
basis of the results of judgment as to interference be-
tween a channel box and an associated control rod, a
guidance for a loading pattern which causes no interfer-
ence is displayed on the display screen, the guidance
being based on previously set restricting conditions and
rules. An operator determines an optimum loading pat-
tern while viewing the guidance. However, 1n the pro-
cess of resetting a loading pattern, the resetting pattern
may be stored in the memory device 8 so that it can be
automatically selected.

As another embodiment, a procedure such as that
shown in FIG. 26 is available. The contents of process-
ing carried out in each step are substantially the same as
the contents of processing executed in the aforesaid
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embodiment. However, by repeating Steps 23, 24, 25

and 26 in FIG. 6 with respect to all the channel boxes
loaded in a core in each cycle throughout the loading
period thereof, it is possible to set the loading patterns
of all the channel boxes for each cycle.

As described above, in the above-described embodi-
ment, in the step of resetting a loading pattern on the
basis of the results of judgment as to interference be-
tween a channel box and an associated control rod, a
guidance for a loading pattern which causes no interfer-
ence is displayed on the display screen, the guidance
being based on previously set restricting conditions and
rules. An operator determines an optimum loading pat-
tern while viewing the guidance. However, in the pro-
cess of resetting a loading pattern, the resetting pattern
may be stored in the memory device 8 so that it can be
automatically selected.

The use of a method of and an apparatus for evaluat-
ing deformations of channel boxes in accordance with
the present invention makes it possible to precisely
estimate deformations of channel boxes during their
loading period in a reactor and, on the basis of the result
of this estimation, judgment is made as to whether each
channel box has interfered with an associated control
rod or not. If interference is estimated to occur, the
loading positions, the shuffling pattern, and the loading
directions of the channel boxes in question are reset so
as to prevent interference. In this manner, it 1s possible
to maximize, while insuring safety, the number of chan-
nel boxes which can be used even when the loading
period in the reactor is extended. Accordingly, it is
possible to reduce the fuel cycle cost and the number of
waste channel boxes. It 1s, therefore, possible to sup-
press an increase in the space required to store the waste
channel boxes.

Briefly stated, in accordance with the present inven-
tion, it is possible to provide a method of and an appara-
tus for evaluating deformations of channel boxes, both
of which make it possible to readily judge whether or
not interference has occurred between each channel
box and an associated control rod during the loading
period in a reactor. With the method and apparatus
described above, it is possible to select and set a chan-
nel-box using method in which the number of channel
boxes which do not interfere with associated control
rods can be maximized.

What we claim 1s:

1. A method of evaluating deformations of a channel
box of a fuel assembly having been used for exposure in
a nuclear reactor core having an array of fuel assem-
blies, comprising the steps of:

finding initial deformations of said channel box which

has been deformed during past exposure;

specif ying a position in said array at which said chan-

nel box is adapted to be located;

calculating estimated deformations of said channel

box during a next exposure cycle from data of core
characteristics, data of shape and material proper-
ties of channel boxes, data of loading patterns, and
said initial deformations: and

judging whether said calculated deformations are

agreeable or not.

2. A method as set forth in claim 1, wherein said
estimated deformations are calculated for every channel
box in said nuclear reactor core.

3. A method as set forth in claim 2, wherein control
rods are provided in said nuclear reactor core, each of
said control rods being associated with channel boxes in
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one group unit, with said judging step determining
whether or not any one of said channel boxes in one
group unit interferes with the associated control rod
due to said estimated deformations.

4. A method of evaluating deformations of channel
boxes of fuel assemblies having been used for exposure
in a nuclear reactor core, said fuel assemblies being
divided in groups each having a predetermined number
of said fuel assemblies and including a control rod, com-
prising the steps of: finding initial deformations of said
channel boxes; reading data of core characteristics, data
of matenal properties and shapes of said channel boxes,
data of positions of said channel boxes and said control
rods, data of loading patterns and said initial deforma-
tions; calculating estimated deformations of channel
boxes In a next exposure cycle from said read data;
judging whether or not said channel boxes interfere
with said associated control rods in accordance with
said estimated deformations; displaying results of the
interference; resetting loading positions, loading direc-
tions and a loading pattern causing no interference, if
interference is estimated to occur; and displaying said
reset loading positions, directions and pattern.

5. A method as set forth in claim 4, further compris-
ing the steps of maximizing a number of channel boxes
which do not interfere with the associated control rods,
wherein said maximizing step is carried out in such a
way that said calculating step, said judging step and said
resetting step are repeated in accordance with said reset
loading pattern so as to maximize a number of channel
boxes which do not interfere with said associated con-
trol rods.

6. A method as set forth in claim 5, wherein said
calculating step, said judging step, said resetting step
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and said maximizing step are repeated so as to set a
loading pattern of said channel boxes loaded in said
reactor core, with which it is estimated that no interfer-
ence occurs during said next exposure cycle.

7. A method as set forth in claim 4, wherein said
initial deformations are obtained by measuring said
channel boxes.

8. A method as set forth in claim 4, wherein said
initial deformations of said channel boxes are calculated
from said data of core characteristics, said data of mate-
rial properties and shapes of said channel boxes, said
data of loading patterns and data of past exposure ap-
plied to said channel boxes.

9. An apparatus for evaluating deformation of chan-
nel boxes of fuel assemblies having been used for expo-
sure in a nuclear reactor core; comprising memory
means for storing therein data of core characteristics,
data of material properties and shapes of said channel
boxes, data of initial deformations of said channel boxes,
and data of loading patterns; a computing and process-
ing means for calculating estimated deformations of said
channel boxes during a next exposure cycle in accor-
dance with said data delivered from said memory means
with the use of arithmetic expressions; and a display
means for displaying a result of calculation made by said

computing and processing means. |
10. An apparatus as set forth in claim 9, wherein said

nuclear reactor core includes control rods each associ-
ated with one unit group of said fuel assemblies having
a predetermined number, and said computing and pro-
cessing means is adapted to judge whether said channel

boxes imterfere with said associated control rods.
¥ ¥ ¥ x -
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